the lysozyme activity for the entire cell population was not significantly different from control animals suggesting that the total number of activated macrophages was small.
h g wash specimens at 14 days and in 15 of 16 animals at 21 days. Determination of immunoglobulins by single radial diffusion in bronchial lavage specimens of all control and M faeni inoculated animals revealed IgG and IgA to be present at 14 and 21 days. IgM was noted in only 6 of the 40 total specimens analyzed and when detected was present in low concentrations at both 14 and 21 days. Levels of IgG and IgA were 384 + 31 and 101 + 12 mg % respectively in normal controls. Immunized rabbits had sigdcantly increased I& and IgA levels (614 + 34 and 219 + mg % respectively).
The conclusions that one may draw from this study are as follows: 1 ) intratracheal inoculation of rabbits with M faeni produces a reversible mononuclear interstitial pneumonitis similar to that seen in man; 2 ) this pneumonitis is associated with intraalveolar accumulation of macrophages with increased percentages of lymphocytes and granulocytes early in the course of the lesion; 3 ) associated with this proliferative cellular response is evidence of macrophage stimulation and MIF production by bronchoalveolar lymphocytes. These data, together with other studies demonstrating ability to produce the same pathologic lesions by passive transfer of sensitized lymphoid cells followed by respiratory tract ~hallenge,~ suggest that delayed (cell-mediated) hypersensitivity plays a role in the pathogenesis of these experimental lesions in rabbits; 4 ) in addition, the presence of precipitins and increased immunoglobulin levels in bronchial secretions suggest a role for humoral immune mechanisms in either disease pathogenesis or host defense against inhaled actinomycete antigen.
The heterogeneous immune response noted in this study is consistent with current findings in hypersensitivity pneumonitis in man7 and it is reasonable to postulate that both hurnoral and cellular hypersensitivity may play a role in the pathogenesis of this pulmonary disorder. ters has suggested that cell-mediated immunity (CMI) may be of paramount importance in the pathogenesis of chronic hypersensitivity pneurnoniti~.~.~ Several animal models for these diseases have been developed, but they have either utilized antigen in complete Freund's adjuvant (which can produce pulmonary granulomas by itself) or have shown lesions different from those of the chronic human disease.s. 4 The purpose of this report is to present detailed histologic and ultrastructural features of pulmonary lesions in various stages of development in rabbits exposed to particulate M faeni antigen, and to correlate these findings with evidence of cell-mediated hypersensitivity.
Rabbits were given up to three intratracheal inoculations, at three-day intervals, with 50 mg in 1 ml saline solution of a homogenized, lyophilized, reconstituted preparation derived 
--
A small portion of lung was quick-frozen for imrnunofluorescent microscopy prior to washing and fixation. Precipitins to M fueni were determined by counterimmunoeledrophoresis of serum obtained and frozen at the time of sacrifice. Details of methods may be found elsewhere!
RESULTS
The histologic findings are summarized in Table 1 . Necrotizing idammation of terminal and respiratory bronchioles was observed on day 4 (Fig 1A) following inoculation with M faeni antigen. Granulomas were &st seen in lungs of animals sacrificed on day 14, and were well-developed by day 21 (Fig 1B) . Obstructive pneumonia developed distal to the bronchiolar lesions in many animals, and ' a few showed destructive lesions similar to centriacinar emphysema by day 28. Control animals developed no lesions, except that one died with fulrninant bronchopneumonia.
Electron microscopy was done on ultrathin sections of osmium postfixed, Epon-embedded, uranyl acetate/lead citrate stained lung tissue. Hyperplasia of type I1 pneumonocytes was evident by day 14, maximum on day 21, and had subsided greatly by day 28 (Fig 2) . Histiocytes within granulomas and alveolar macrophages contained various sized cytoplasmic inclusions thought to be phagocytized antigen particles (Fig 3) . In no instance were subendothelial, subepithelial or membranous deposits observed.
Fluorescence microscopy revealed C, within a few alveolar macrophages, and sparse intracellular (plasma cell) IgG and IgA in developing interstitial lesions, but no vascular or membranous immunoglobulin or C, deposits to suggest the presence of immune complexes.
Concurrent with granuloma formation, M faeni induced alveolar macrophage migration in vitro became progressively inhibited (Fig 4) and the animals developed both precipitating serum antibodies and delayed skin reactivity. Skin biopsies at 48 hours revealed penvascular infiltration by lymphocytes and histiocytes characteristic of cell-mediated hypersensitivity, superimposed upon a nonspecific acute idammatory reaction.
. The granulomatous pneumonitis which we observed is similar to that seen in most cases of chronic farmer's lung and other human hypersensitivity pneumonitides. The early bronchiolar lesions, occurring as early as four days after inoculation of previously unsensitized animals, are considered to represent direct irritation of the tissue by the relatively large (about 1 micron) and antigenically complex M faeni spores and hyphae. This interpretation is consistent with the fact that skin tests with M faeni antigen are notoriously unreliable clinically because of irritative properties. The bronchiolar localization of lesions is probably also related to the particle size, and it would be of interest to perform similar experiments with smaller particles-perhaps purified antigenic components adsorbed onto inert particles of known size and shape. The later granulomatous lesions strongly suggest cellmediated hypersensitivity to the antigen, which is s u p ported by the MIF and skin test data. That the skin tests read at 48 hours reflect at least in part CMI is illustrated in Figure 5 between the skin test size and percent inhibition of alveolar macrophages obtained at subsequent sacrifice.
An additional hypothesis, that M faeni particles may act as an immunologic adjuvant, is discussed in detail elsewhere,5 but remains speculative at present. We found no evidence for a type I11 (immune complex) reaction in our animals, but recognize that this and perhaps other mechanisms in addition to CMI may be important in the pathogenesis of hypersensitivity pneumonitis in some instances. -ment membrane antibody.1~2 In addition, inhaled antigens are known to provoke asthmatic-type reactions in atopic individuals, but their role in inducing interstitial disease is less clear.
We have employed an animal model to assess pulrno-
